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Abstract Distribution of Luehdorfia puziloi inexpecta at Mt Akagi was first confirmed in 1940. 
Since then, there have been remarkable changes in the environment supporting its habitat and 
the population has undergone rapid degradation. Changes in the utilization of land at Mt 
Akagi were investigated, and it became clear that the main cause of the population degradation 
was the replacement and fragmentation of the broad-leaved deciduous forest habitat by conifer- 
ous forests and agricultural fields. The situation was also further aggravated by the decrease in 
the number of foresters. To prevent further population decrease, the method of ‘protective 
netting’ covering of food plant and eggs was examined, and good results were obtained. This 
method was found to be an effective conservation approach for urgently minimizing imperma- 
nent population decreases. 
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Introduction 


Luehdorfia puziloi is found not only in Japan, but also in northern China, Korea, and Ussuri. 
In most habitats in Japan, populations are not decreasing rapidly, therefore the Environmen- 
tal Agency of Japan has given it only a rare species designation (EAJ, 1991), and protection 
work is not yet being actively carried out. 


The habitats of L. puziloi in Japan are divided into three main regions, Hokkaido, Tohoku, 
and Shinshu districts. The population in the Hokkaido area is referred to as ssp. yessoensis, 
and populations in the Tohoku and Shinshu areas are classified as ssp. inexpecta. The 
Tohoku population is very similar to the Hokkaido population, for instance in the white 
intersegmental membrane of the larvae: therefore it can be said that the Shinshu population 
is the only distinct population in Japan (Fujisawa, 1983). 


The population of L. p. inexpecta at Mt Akagi in Gunma Prefecture is isolated from the three 
main populations, and is located between the Shinshu and Tohoku areas near the habitat of 
L. japonica. Shinkawa (1988) reported this population to have intermediary characteristics 
between the subspecies of the Tohoku and Shinshu areas, while Hama et al. (1988) suggested 
the possibility of past hybridization with L. japonica. Therefore, the population of Mt 
Akagi is a very important key to understanding the differentiation of Luehdorfia species in 
Japan. However, this population has been undergoing very rapid degradation (Matsumura, 
1996a). 


Fuse (1989) classified the reasons for degradation of the population into natural and 
man-made factors, which included excessive collection: however well-grounded data was not. 
presented. I speculated that fragmentation and devastation of the habitat were the main 
reasons for population degradation, and therefore land utilization was investigated using old 
maps (Matsumura, 19904, 1992, 1993). Further, the use of ‘protective netting’ was examined 
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Fig. 1. Luehdorfia puziloi inexpecta sucking nectar from Dogtooth Violet. 


as a method to prevent impermanent and rapid population decreases (Matsumura, 1992, 
1996a). 


Method 


Thé Geographical Survey Institute publishes 1 : 500,000 Scale Topographic Maps, and a map 
of Mt Akagi was first published in 1907 and revised in 1913, 1925, 1929, 1945, 1952, 1959, 
1965, 1971, 1978 and 1987. The maps of 1907, 1965 and 1987 were used to represent time 
periods of pre 1950s, 1960s and 1970s, and post 1980s respectively for this study. The maps 
were each colored in orange to represent broad-leaved deciduous forests, in green for conifer 
forests, in yellow for fields, in blue for rice fields and in pink for towns. The change in land 
utilization and fragmentation of the broad-leaved deciduous forest habitat was then inves- 
tigated (Matsumura, 19905). 


In addition, the decrease of broad-leaved deciduous forests and the number of foresters at Mt 
Akagi, which is thought to be closely related to the forest deterioration, were surveyed using 
the “History of Akagi Village” published in 1989. 


Results 


The habitat of L. p. inexpecta at Mt Akagi is broad-leaved deciduous forest mainly composed 
of the white oak (Quercus serrata and/or Quercus mongolica). The forests provide a thick 
canopy cover in summer and a carpet of fallen leaves in fall and winter. Most of the plants 
growing on the forest floor, such as violets (Violaceae) and dogtooth violet (Erythronium 
Japonicutn), are called spring flowers or spring ephemerals. They flower, finish foliation and 


Figs 2-4, Distribution of Luehdorfia puziloi inexpecta and land utilization in Gunma. 2. Before 
1960. (a) Habitat from 1915 to 1949. (b) Land utilization at Mt Akagi in 1907. 3. In 1960s. 
(a) Habitat from 1960 to 1969. (b) Land utilization at Mt Akagi in 1965. 4. Since 1980. (a) 
Habitat after 1980. (b) Land utilization at Mt Akagi in 1987. (For a. Solid asterisk: habitat, 
open asterisk: expected habitat. For b. Orange: broad-leaved deciduous forest, green: conifer- 
ous forest, yellow: field.) 
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Fig. 5. Decrease of broad-leaved deciduous forests and foresters at Mt Akagi. (a) Decrease in 
broad-leaved deciduous forests. (b) Decrease in the number of foresters. (Revised 
from History of Akagi Village (1989)). 


store nutrition for the next year before the broad-leaved deciduous trees spread their broad 
leaves preventing sunlight from reaching the forest floor. In summer, some of the spring 
flowers will already wither up when the canopy grows thick and sunlight can hardly reach 
the forest floor. Asiasarum sieboldii, the food plant of L. puziloi, is one such plant. In 
spring it spreads its leaves, blooms and bears seeds; in summer the leaves have already turned 
yellow; and it withers in fall. 


The yearly cycle of L. p. inexpecta at Mt Akagi is synchronized with these plants on the forest 
bed. Adults emerge in early spring from the overwintered pupae, suck nectar from spring 
flowers like violets or the dogtooth violet (Fig. 1), and the females lay their eggs on the 
sprouts of A. sieboldii. The larvae complete their growth in spring when the food plant is 
still soft, and finish pupation in early summer, when the leaves of A. sieboldii turn yellow and 
become hard. Pupae spend about ten months, through summer, fall and winter, under the 
fallen leaves on the forest floor, and emerge again the following spring. The broad-leaved 
deciduous forests play an essential role in providing a habitat to support the life-cycle of L. p. 
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inexpecta. 
(1) Fragmentation of habitat 


In the 1950s, when broad-leaved deciduous forests were used as firewood, fertilizer and so on, 
they still occupied large areas, and would have provided good habitats for L. p. inexpecta 
(Fig. 2). However, a change of these areas into coniferous forests had already begun, since 
the coniferous trees had high economic value as a construction material. It has been reported 
that the excessive logging in the steep mountainous areas of Gunma was one of the main 
reasons for the severe and extensive damage caused by typhoon Katharine in 1947. In those 
days there were twelve widely separated habitats for L. p. inexpecta in Gunma. 


The 1960s and 1970s were an era of high economic growth in Japan, and the Japanese life 
style changed dramatically. The broad-leaved deciduous forests were rapidly replaced by 
coniferous forests and agricultural fields, leaving only strips of area remaining (Fig. 3). Only 
six areas survived as habitats, and it was once believed that L. p. inexpecta had become extinct 
in Gunma. 


However, the distribution was rediscovered in 1984, and now, the butterfly can only be found 
in one habitat on Mt Akagi (Fig. 4). The habitat consists of only 50 ha more than 900 m 
above sea level, and the total number of eggs indicate that only about one hundred adults of 
L. p. inexpecta are surviving in the broad-leaved deciduous forest patch. There were 1,600 
ha of broad-leaved deciduous forests in Akagi Village in 1957, but this had decreased to 912 
ha by 1985 (Fig. 5a). The habitat of the 1950s, at about 500 m above sea level, became 
fragmented into patches of about | ha each with coniferous forests and agricultural fields 
spreading between them, and the distribution of L. p. inexpecta is not observed now. 


(2) Deterioration of the habitat 


In addition to the decrease and fragmentation of broad-leaved deciduous forests, deterioration 
of these remaining forests was conspicuous. Most of the remaining forests were left un- 
touched for more than 30 years and undergrowth, such as wild strawberries (Rubus) and 
bamboo grass (Sasa nipponica), had grown thickly, and there were many dead trees. The 
decrease in the number of the foresters from 39 in Akagi Village in 1955 to only eight in 1985 
is considered to be one of the main reasons why the deterioration of the forests accelerated 
(Fig. 5b), as the foresters helped maintain the forests by periodically clearing undergrowth or 
thinning congested areas. 


Discussion 


(1) The decline of L. p. inexpecta 


The only habitat of the L. p. inexpecta at Mt Akagi is the broad-leaved deciduous forest, and 
this habitat was supported and maintained by the life style of earlier generations of Japanese. 
The trunk and branches were used as firewood and for making charcoal, the leaves used as 
fertilizer and nuts used as food. As the Japanese life style began to gradually modernize in 
the early 1950s, the necessity of broad-leaved deciduous forests decreased rapidly. Firewood 
and organic fertilizer were replaced by petroleum products and chemical fertilizer, and meat 
became a more popular food in Japan (Moriyama, 1988). 


Over the same period, most of the forests were replaced with agricultural fields or coniferous 
forests at Mt Akagi. Conversion into agricultural fields destroyed the habitat of L. p. 
inexpecta completely, and coniferous forests with year-round canopy do not support an 
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Fig. 6. Protective netting. 
Fig. 7. Conservation by elementary school students. 

Fig. 8. Germination of Asiasarum sieboldii in aseptic conditions by high school students. 
Fig. 9. Rapport forest in the Kanto area. 


environment for spring plants. Forests were divided and fragmented, and the remaining 
forests underwent further deterioration. This meant the devastation of the habitat necessary 
to maintain the L. p. inexpecta population, forcing them deeper into the mountains, and now 
they are closer to extinction. 


(2) Protective netting method 


It was considered that further decrease in population would cause the extinction of L. p. 
inexpecta in Gunma, and so a preliminary investigation of breeding conditions was started 
from 1987 at Mt Akagi. In 1989, monitoring in the investigation area was started to obtain 
fundamental data to support a conservation strategy (Matsumura, 1989, 1990a, 1991; Ma- 
tsumura and Matsumura, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999). 


The investigation area was about 10 ha at an altitude of about 950-1,100 m, and covered with 
broad-leaved deciduous forest mainly composed of over 30 year old White Oak. The 
investigation season was from late April to early July each year at a frequency of at least once 
a week, and examined the number and breeding condition of each stage of the L. p. inexpecta 
life-cycle. Eggs founded in the investigation area were counted and their development 
observed (Table 1), and the total number of adults observed was recorded. 


The results showed a correlation between the number of adults and 3rd instar larvae in the 
previous year, indicating the yearly change in population to be linked to the death rate at the 
egg and young larval stage. The main mortality factor is thought to be predation by spiders, 
ants or ticks, which seem to be the main predators of L. p. inexpecta (cf. Matsumura, 1997). 
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Table 1. Yearly change in number of adults (total), eggs and 
successfull 2nd instar larvae (revised from Matsumura 








(1977)). 
year adults (total) eggs larvae 
1989 94 240 (60)* 
1990 26 217 116 
1991 22 500 280 
1992 78 360 105 
1993 15 208 155 
1994 16 454 295 
1995 73 1,874 544 
1996 17 153 114 
1997 12 846 292 
1998 35 846 369 








*: estimated from the number of successful Ist instar larvae. 


The ‘protective netting’ method (Fig. 6) was examined in which a 40 cm cubic box covered 
with 1 mm mesh was introduced to minimize predation of the young larval stage. The mesh 
prevented access by spiders and ticks, but did not interrupt other interaction such as rain, 
wind and so forth. The food plant and eggs were protected until the eggs reached the 2nd 
instar larvae stage. 


Conservation efforts were aimed only at maintaining the population, as an imprudent 
increase of the population would rather harm the ecological balance of L. p. inexpecta in this 
area, since the food plant supply is only sufficient for the existing population. However, 
since the yearly changes in population at Mt Akagi were large, it was feared that the 
population may become too low to maintain, threatening it with extinction. 


The ‘protective netting’ method was employed from 1990 to 1994 and 1996, and successfully 
reduced the average mortality of both the Ist instar and 2nd instar (Table 2). Thus, it was 
concluded to be an effective method for minimizing impermanent decreases in population 
caused by unexpected increases in predation (Matsumura, 1997). 


Table 2. Effect of the protective netting on survival rate at the end of the 2nd instar larvae 
(revised from Matsumura (1977)). 








mortality rate at the 








survival rate survival rate diference betwee 

year with net without net ith an thou net end of the 2nd instar 
(test number) (test number) ee larvae with net 

1990 0.74 ( 9) 0.39 (14) 0.35 0.26 

1991 0.78 (17) 0.40 (27) 0.38 0.22 

1992 0.51 (12) 0.10 (18) 0.41 0.49 

1993 0.91 ( 9) 0.48 ( 8) 0.43 0.09 

1994 0.87 (10) 0.60 (30) 0.27 0.13 

1996 0.83 ( 8) 0.64 ( 9) 0.19 0.17 
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(3) Conservation of L. p. inexpecta 


Even though in 1986 the government designated L. p. inexpecta in Gunma as a natural 
treasure, the butterflies are still losing their habitats and still declining (Matsumura, 19905). 


This continued decline of the L. p. inexpecta at Mt Akagi is considered to be mainly due to 
the deterioration of the broad-leaved deciduous forest due to the decreasing number of 
foresters. Therefore, the most important conservation tasks are to manage the remaining 
forest to prevent further decline, and to plan for future population expansion of L. p. 
inexpecta. In the past, when the forest was used in the daily life of Japanese, separate 
maintenance of the forest for L. p. inexpecta was unnecessary. Japanese were using the forest 
for fertilizer and fuels, and cleared away the undergrowth and lopped off branches in the 
process. These activities were beneficial to managing the forest as a habitat for L. p. 
inexpecta. Nowadays the forest is seldom used in daily life, therefore specific maintenance 
such as periodic clearing of undergrowth and thinning of congested forest areas is necessary 
to maintain the habitat of L. p. inexpecta. However, this kind of maintenance is very labor 
intensive, so the understanding and cooperation of local residents is essential in attaining the 
necessary resources. 


During the investigations of L. p. inexpecta breeding, the ““Akagihime Protection Team” has 
been active for more than 10 years trying to increase awareness of the L. p. inexpecta situation 
by holding L. p. inexpecta watching hikes in the habitat, photo exhibitions, and explaining 
the situation to residents near the forest. As a result, elementary school students near the 
habitat recently started conservation of L. p. inexpecta (Fig. 7). The total number of stu- 
dents in the school is less than one hundred, but all of them are going and observing in the 
habitat every year, and the teachers are teaching conservation of the L. p. inexpecta as one of 
the school lessons (Matsumura, 19965). They also started planting the food plant, A. 
sieboldi, and violets and dogtooth violet, the nectar plants, near the habitat to expand the 
area. The plants are propagated from seeds collected near the habitat, germinated in aseptic 
conditions, and returned to the collected area, since these plants would not be expected to 
harm the habitat. High school students in Gunma also participate in the conservation by 
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Fig. 10. Conservation activity for sustainable conservation. 
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carrying out the propagation work (Fig. 8). 


Parents of elementary school students have also begun to take interest in L. p. inexpecta and 
have actually started work in clearing away the undergrowth in the habitat. Now, ten years 
after I began work, neighboring residents are helping to provide valuable support and actively 
participating in the conservation work. 


Presently, the local government is constructing “Rapport Forest in Kanto Area” (Fig. 9), 
which includes habitat for L. p. inexpecta at Mt Akagi, as part of an environment mainte- 
nance project for local residents. The project comprises a camping area with hiking track 
and pond for wild birds and animals. If the project is able to help gain acceptance and 
appreciation for the broad-leaved deciduous forest environment, it will make a valuable 
contribution to the conservation effort, and the forest, where L. p. inexpecta is found as a 
natural treasure of Gunma, will become a proud heritage for the local residents. Utilization 
of the forest in the local culture is more desirable than active involvement by the municipality 
both from a manpower and budgetary perspective. It will allow the forest to be maintained 
all year round by the local residents, which is a preferable situation for conservation of L. p. 
inexpecta. . 


Conservation activities for L. p. inexpecta at Mt Akagi are just starting to take root (Fig. 10). 
Fundamental field data to gain an understanding of the most preferred conditions for L. p. 
inexpecta are being collected by local researchers, and local residents appreciate the impor- 
tance of nature more and actively promote conservation. The local government provides 
manpower and budget for planning and management of the broad-leaved deciduous forests. 
As these conservation efforts become more developed and coordinated, sustainable conserva- 
tion will be realized. This is the ultimate goal of our activities, and more effort will be 
needed to prepare an ideal habitat for L. p. inexpecta at Mt Akagiin Gunma. Fundamental 
data based on sound scientific observation in the field is an essential factor to promote 
effective conservation, and local researchers have a key role in providing direction to realize 
the goals of the conservation efforts. 
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